Abstract.
Introduction
Rhythmic shorelines featuring planview undulations with a relatively regular spacing or of the sediment transport patterns from the one-line modelling has been confirmed by 123 using a 2DH model (delft3D) [List and Ashton, 2007] , at least in case of HAWI. These 
129
The model describes the dynamics of small amplitude perturbations of an otherwise rec-130 tilinear coastline. Following the one-line concept, the dynamics are governed by gradients 131 in the total alongshore wave-driven transport rate Q:
A Cartesian coordinate system is used, with x increasing seaward in the unperturbed The equation of the sediment transport rate Q can be written as follows: Ozasa and Brampton [1980] . According to Horikawa [1988] , r ranges between 0.5 and 1.5,
152
whereas Ozasa and Brampton [1980] suggest a value of 1.62. The value r = 1 is used for 153 the present reference case, which is equivalent to K 2 = K 1 and has been used in several and application range are uncertain. In section 3.2, we will study the sensitivity of our duce alongshore gradients in set-up, which drive longshore currents and hence sediment transport. In our work, alongshore variability in breaker heights is related to wave re-167 fraction rather than to wave diffraction, but the subsequent mechanism for alongshore 168 sediment transport remains the same.
169
To compute the sediment transport rate according to eq. 
where D(x, y, t) and D 0 (x) are the perturbed and unperturbed water depth, respectively, from the coast (P2), and bed perturbation similar to a shoal (P3 and P4).
181
The offshore extension of the bathymetric perturbation is controlled by its "charac- 
Numerical experiments on idealised cases
To investigate the possible mechanism causing shoreline instabilities under low wave (Figures 2b and c) . The adopted profile is given by:
which has been modified from the original Dean profile to avoid an infinite slope at the 
Sensitivity analysis
The sensitivity analysis is performed using a planar beach, as the aim is to focus on the 234 mechanisms. However, simulations with other (e.g. barred) profiles also lead to LAWI
235
(not shown). wavelength, which is due to the corresponding increase in surf zone width. exceeding 500 m, reaching a nearly constant value for large perturbation length scales.
257
The main conclusion is that instabilities occur only if the perturbation extends far enough 258 into the shoaling zone. When the perturbation length is about the width of the surf zone,
259
it influences the wavelength and growth rate of the LMA mode strongly, whereas for larger 260 perturbation length values, this influence is negligible. from 400 to 800 m, with a maximum height at x 1 = 600 m.
272
• Perturbation P4: P2 perturbation with a shoal located in both the surf and shoaling 273 zones, from 0 to 1400 m, with a maximum height at x 1 = 600 m.
274
The reference configuration is still the same (H rms =1.5 m, T = 8 s, θ = 0 LMA mode for shore-normal wave incidence (X symbol on Figure 6 ). This specific case for 288 shore-normal wave incidence will be discussed in section 4. To summarize, the previous 
Growth rate analysis
In the perturbed situation where the shoreline position is given by eq. 4, the wave 296 height and wave angle at breaking are given by:
where H 
320
• e 4 : this term stems from the alongshore gradients in H b in the sediment transport 321 equation (eq. 2). Its sign is the opposite to that ofĤ br , which is numerically found to be 322 always positive. This is related to the fact that the maximum in wave energy is always 323 located close to the sandwave crest (wave focusing). Thus e 4 is a damping term.
324
The corresponding growth rate contributions, σ 1 = e 0 e 1 , σ 2 = e 0 e 2 , ... are plotted in 
Model results analysis: Hydrodynamic and sediment transport
To understand better how wave refraction causes shoreline instabilities, hydrodynamic and (3) wave height gradients (set-up) (term e 4 ), the second component having a smaller damping effect than the two others.
398
Now we can figure out how LAWI works (Figure 11 ). Let us consider shore-normal Figure 11 399 wave incidence. In this case, the wave energy spreading has no influence on the instability of the associated shoal and a given wave height, the surf zone will become narrower if the 407 beach slope increases. Then, the shoal will extend a longer distance beyond the surf zone,
408
and the waves will be refracted strongly when they reach the breaking point, increasing 409 the wave incidence related sediment flux (e 2 ) convergence whereas the divergence term 
Linear stability analysis validity
The 1D-morfo model has been applied to investigate HAWI and to study the sandwaves predicts LAWI. To survive in the finite amplitude domain, the LAWI must grow at a rate comparable to that of co-existing instabilities. 
